Research on the TNT Equivalence of Aluminized Explosive  by Ning, He et al.
 Procedia Engineering  43 ( 2012 )  449 – 452 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.077 
International Symposium on Safety Science and Engineering in China, 2012 
(ISSSE-2012) 
 
Research on the TNT Equivalence of Aluminized Explosive 
He Ninga, Liu Yudea, Zhang Hongpengb, Li Chunpenga,* 
aNorth China Univ. of Science and Technology, Yanjiao 101601, Beijing, China 
bZibo Mining Group, Daizhuang Mine,ShanDong 272175,China 
Abstract 
Aluminum as an important fuel component has been widely used in the field of arms and ammunition. The Determination of TNT 
equivalent of aluminized explosive, focused on the experimental study, is still lack of numerical calculation study. It is one of the main 
factors on safety research, so that effective measures should be taken to determine the TNT equivalence of aluminized explosive. In 
previous studies, the determination of TNT equivalence of aluminized explosive is mainly based on experimental study. But the affection 
to its explosive heat due to different ratio of aluminum powder is neglected in experiment researches. Based on the minimum free energy 
method, this paper programmed composition with Matlab. The equilibrium products of aluminized explosive detonation were calculated. 
The TNT equivalence of aluminized explosive with different ratio was determined. The results show that for the same mass of aluminized 
explosive, the higher mass fraction of aluminum powder was, the higher thermal damage to the environment was. 
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1. Problem posing 
It is a necessary task to carry out the TNT equivalence of aluminized explosive. Aluminum powder, a metal additive 
with high calorific value, has been widely used in the mixed explosive formulations [1]. Aluminized explosive is the power 
source of missile engines. Its reaction heat and energy density can match those of conventional high efficiency explosives or 
even much higher. It is not only a burning material in accordance with some law, but also a material with potential danger of 
explosion or detonation. On the other hand, adding aluminum powder had been involved in all the processes of high energy 
composite explosive manufacturing, the danger classes and safety distance of building should be determined according to 
the actual dangerous when designing of its manufacturing workshop, processing workshop and storage warehouse [2-4]. 
However systematic research has not yet been carried out on the safety of high energy aluminized explosives, which hinders 
the arming process of high performance weapons. With the increasing applications of high aluminized explosive in missiles 
and other high-tech weapons and equipments, this issue has become increasingly prominent. Based on the minimum free 
energy method, this paper calculated the products of the detonation balance of aluminized explosive and determined the 
detonation heat of aluminized explosive. So it can provide foundations for the risk assessment, improve the risk analysis 
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awareness of aluminized explosives, and determine the danger classes of aluminized explosive, the danger classes of the 
workshop and its external and internal safety distance. 
2. Determination of the TNT equivalent of aluminized explosive 
Detonation is the extreme state of explosion. The physical parameters of aluminized explosive under detonation state 
should be considered as basic index for safety assessment when considering the system safety analysis. The detonation 
parameters of aluminized explosive are the important indicators of its safety assessment. Since there are not yet 
experimental methods to determine the components of C-J detonation products, we can only determine them by theoretic 
calculation. In 1958,W. B. White and some others presented to use minimum free energy method to calculate system 
chemical balance. After later scientists’ deeply study in accordance with the thermal dynamics theory, they found that 
assuming that the detonation gas is ideal gas, then the total free energy is equal to the total of each component’s free energy. 
When the system reaches chemical balance, the total free energy is the minimum [5-6]. Thus considering the detonation 
procedure of aluminized explosive, the percentages of the components which make the system’s total free energy minimum 
are the percentages of the detonation balance components under certain temperature and pressure. The system may also 
contain gaseous products and condensed products (such as incomplete combustion carbon particles). Assuming that there is 
a system consists of l kind of chemical elements, which will generate n kind of gaseous products and n-m kind of condensed 
products after combustion. Its free energy function is as follows: 
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Where G(n) is the function of system total free energy; Ggi (xgi ) is the free energy function of the ith gaseous component; 
Gcdi (xcdi ) is the free energy function of the ith condensed component; Gθm is the material standard free energy; xgi is the 
amount of the ith gaseous components; xcdi is the amount of the ith condensed component; n is the system amount of 
substance including all components; T is the system temperature; P is the system pressure. 
Atomic conservation equation is: 
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Where nj is the jth amout of substance; aij is the jth amount of substance in the ith gaseous components; dij is the jth 
amount of substance in the ith condense components. The system free energy function (1) and atomic conservation equation 
(2) are the basic equations to calculate the balance components of the system. According to the basic equations, the group of 
iterative equations (3)–(5) are as follows: 
¦¦¦
   
 
m
i
gg
i
g
i
g
iijj
n
mi
cd
iij
l
j
jjkj yyCyanxdrua
111
)lnln()1( S                      (3) 
¦¦
  
 
l
j
jj
m
i
g
i ayG
11
)( S )                                                          (4) 
¦
 
 
l
j
ijj
cd
i dC
1
0S                                                             (5) 
As to the solid-liquid mixing explosives and liquid fuels, while the reaction of aluminum powder was generally slow, 
and that aluminum was the main secondary reaction between the final product and the detonation of liquid fuels. The main 
reaction process of aluminum powder and detonation products are as (6)-(8) follows: 
                                                   &&22$O&2$O    o                     (6) 
&2$O&2$O    o     (7)
  +2$O2+$O  o   (8)
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If negative value occurs during the equation iterative, damping factor λ can be adopted for correction, so as to make 
certain the iterative calculating works successfully. Assuming Δgi = xgi − ygi , then, Zi = ygi + λΔgi = ygi +λ(xgi − ygi ), Zi will 
be the initiative value of next iterative. 
3. Results 
In this paper, 1mol three different formulations aluminized explosives were used to calculate, the mass ratio of 
components for each aluminized explosive was shown in Table1. 
                          Table 1. The aluminum ratio of each component 
Groups Aluminum (%) HTPB (%) RDX (%) AP (%) 
1 10 10 30 50 
2 20 10 - 70 
3 30 10 - 60 
 
Detonation balance products of each group were shown in Table 2. Calculated with the explosion heat according to 
similar energy principle, the TNT equivalents of three different aluminized explosives groups were shown in Table 3. 
                      Table 2. Detonation balance products of each group 
Major product Group 1 Group 2 Group 3 
H2O 1.2410 0.3454 0.4115 
H2 0.8412 0.4124 0.3279 
O2 0.41e-13 0.75e-16 2.84e-19 
CO 0.0124 0.0513 0.0870 
CO2 0.2185 0.510 0.3891 
NO 2.451e-7 1.45e-12 5.89e-13 
N 0.8450 0.124 0.157 
CL 5.21e-6 2.54e-9 3.580e-11 
HCL 0.5126 0.505 0.274 
AL2O 2.60e-18 6.14e-20 5.34e-27 
AL2O3 0.1632 0.3941 0.2896 
AL 0.0258 0.0421 0.1567 
C 0.8415 0.2784 0.1751 
No reliable experimental data for C-J detonation balance products till now, reference only.  
                       Table 3. TNT equivalents of three groups of aluminized explosives 
 Group 1 Group 2 Group 3 
Explosion Heat(MJ/kg) 7.92 3.51 3.95 
TNT equivalent 1.52 0.725 0.83 
 
4. Conclusions 
The results have shown that with the same initial conditions, the more the Al powder content was, the larger explosion 
heat was. Al powder will improve the explosion heat of aluminized explosives. With the increasing of solid explosive 
content, the explosive performance of the aluminized explosives will be improved.  
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Appendix A. Iterative partial code 
Iterative partial codes are as follows: 
p1=1;t1=298.16; 
while(1) 
Gc=G(1)*C; Gal2o3=G(19)*Al2O3; Y=[ CO CO2 H2O H2 Cl2 HCl F2 HF O2 N2 NO OH H O N Cl F ]; 
for i=1:17 
    if  Y(i)==0 
        Gy(i)=0; 
    else 
        Gy(i)=Y(i)*(G(i+1)+log(p2*Y(i)/sum(Y))); 
    end 
end 
GY1=sum(Gy)+Gc+Gal2o3; r=zeros(7,7); 
for i=1:7 
    for j=1:7 
        for k=1:17 
            r(i,j)=r(i,j)+a(k,i)*a(k,j)*Y(k); 
        end 
    end 
end 
  
for i=1:7 
    alpha(i)=sum(a(:,i)'.*Y); 
end 
GY201=xc*G(1); GY219=xal2o3*G(19); 
for i=1:17 
    if x(i)==0 
    else 
    GY2=GY201+GY219+x(i)*(G(i+1)+log(p2*x(i)/sum(x))); 
    end 
end 
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